INTRODUCTION
Nitrogen is one of the most important nutrients necessary for many functions of plants, e.g. shoot growth, fruit and flower bud set, and fruit size. If apple trees have insufficient uptake of nitrogen, shoot growth is weak, leaves become light green to yellowish-green, which has negative effect on photosynthetic intensity (Cmelik et al., 2006; Fallahi et al., 2010) . Some growers prefer to apply nitrogen in excess to avoid problems related with insufficient availability of N to plants, especially in orchards (Weinbaum et al., 1992; Tagliavini et al., 1996) . Excess N use is also promoted by prices of the fertilisers, which represents a small part of the total expenses of production. However, there are some consequences if N availability to plants is out of control -excessive growth, dense canopy, and decreased effectiveness of plant protection means, increase of work to manage created problems, etc.
Once nitrogen fertilisers are applied to agricultural systems, the fertilisers are absorbed directly by plants or converted into various other forms. Excess nitrogen can be lost in ionic or gaseous form through leaching, volatilisation, and denitrification (Tamme et al., 2009) . If nitrates are not absorbed by plant roots, generally they are carried away by runoff or leach into the soil along with water (Teravist et al., 2010; Sharifi et al., 2011) . There is a close relationship between the excessive application of nitrogen fertilisers and environmental problems such as eutrophication, the greenhouse effect, and acid rain (Gastal and Lemaire 2002; Wang et al., 2002) . The NO 3 -form of nitrogen is most suitable for direct uptake by plant roots. It is also the form of nitrogen with the greatest potential for leaching to groundwater.
When soil pH is high, NH 4 + can be transformed to gaseous ammonia (NH 3 ) and volatilised. When soils are excessively wet, NO 3 -can be converted to N 2 gas by soil microorganisms. The released molecular oxygen can be used for respiration of some microorganisms in wet soil conditions, when O 2 is insufficient in soil. High nitrate concentration in groundwater and crops can have negative effect on human health as well (Chen et al., 2012) .
Therefore, rational fertiliser application is an important issue in sustainable agriculture (Chen et al., 2002 Problems associated with fertilising are closely related to other agro-technical operations. In recent years, because of periodical moisture deficit in soil, fruit growers are looking for soil moisture regulation technologies: irrigation and fertigation systems. In Latvia nowadays apple-trees in commercial orchards are planted mostly on dwarf or medium vigour vegetative propagated rootstocks, which have a root system morphologically different (more compact and shallow) from that of seedling rootstocks (Surikova et al, 2008; Nielsen et al., 2015) . Therefore, the trees have also different demand for the growing conditions. The aim of the study was to investigate the effect of nitrogen fertiliser on apple growth and production in the conditions of Latvia.
MATERIALS AND METHODS
During 2013-2015, the investigation was performed at the Institute of Horticulture (Dobele) in a trial planted in 2009 using cultivars 'Konfetnoye', 'Kovalenkovskoye', 'White Transparent', 'Gita', 'Antei', 'Ligol' and 'Rubin' (Kazakhstan) on rootstock B.396. The planting distance of the trees was 1.5 × 4 m (1666 trees per 1 ha). Grasses Lolium perenne L. and Poa pratensis L. were sown in proportion 1 : 3 in the separating rows (3 m wide) . During following vegetation periods, "weeds" such as white clover (Trifolium repens) and dandelion (Taraxacum officinale) spread in the grass lawn. During the growing seasons, the grass was regularly mown and the tree strips were maintained free of the grasses using herbicides such as glifosate and or basta. The canopies of trees were trained as slender spindles. Drip irrigation was used.
In the period of investigation the average air temperature was 7. In the investigation of nitrogen use practice, two treatments were compared: control (without fertilisers) and fertilisation treatment (6 g of N per 1 m 2 only) along a 1-m wide tree row.
At the end of the vegetation period, shoots development was estimated. Shoots were counted in two length classes: less than and over 40 cm. The yield (kg) per tree, fruit weight (g) and index of biennial bearing (index of alternance) was calculated as difference of two yields divided by sum of two yields, in two following years (Skrivele et al, 2000) (where 0 -annual yielding trees, 1 -strictly biennial yielding). The nitrogen content of leaves and fruits was analysed by Kjeldahl method. The trunk circumference was measured at 20 cm above grafting union and trunk crosssectional area (TCSA) calculated. Also leaf colour and tree defoliation were estimated on a 9-point scale, where 0 -leaves are green and on the tree, 9 -leaves are fallen.
The statistical data analysis was performed by ANOVA and coefficients of correlations were calculated.
RESULTS
Additional nitrogen application did not raise significant amount of shoots less than 40 cm in length (Table 1) . However, there was significant difference between cultivars and some interactions were observed. In 2013, cultivar 'Gita' had more short shoots in the control treatment, but in both next seasons this cultivar had more short shoots in the nitrogen treatment. 'Ligol' developed more short shoots in the nitrogen treatment; however, the difference between treatments was significant only in 2013 and 2015. During 2013 and 2014, 'Konfetnoye' developed more shoots 40 cm length in the nitrogen treatment. There were no significant difference in shoot development between treatments of cultivars 'Antei', 'Kovalenkovskoye', and 'White Transparent'. In general, there was relatively less short shoot devel- opment by cultivar 'Rubin', in 2013 also by 'White Transparent' and 'Konfetnoye'. These last mentioned cultivars on dwarf rootstock developed small amount of both types of shoots and formed a relatively thin canopy.
Nitrogen fertilisers had a positive effect on the development of long shoots (> 40 cm) (Table 2) , with a significant (p < 0.05) difference in 2015. There was a significant difference between cultivars. 'Antei' and 'White Transparent' had smaller amounts of long shoots in the fertiliser treatment.
The most pronounced effect of nitrogen fertilisers was observed for 'Ligol', and in some years for 'Konfetnoye', 'Rubin' and 'Gita'. There was no significant difference between cultivars in the control treatment (2013 and 2015) regarding development of long shoots.
Cumulative growth (TCSA) was calculated as increase of trunk cross-sectional area during the study period. Average increase of TCSA was significantly (p < 0.05) larger in the fertiliser treatment, particularly for 'Gita' and 'Ligol' (Table 3). Almost no difference between treatments was observed for 'Konfetnoye' and 'Kovalenkovskoye'. Positive correlation was found between increase of TCSA and amount of short shoots (r = 0.74).
General effect of fertilisers on cumulative yield during study period was not observed (Table 3) . However, there were some significant (p < 0.05) differences between cultivars and their interactions with treatments. Largest cumulative yield during study period was observed for 'Gita' and 'Ligol'. Significantly lower yield was obtained for 'White Transparent', 'Konfetnoye', 'Antei', and 'Rubin', and these cultivars had no significant difference between fertilisation treatments. However, cultivars with larger yields had positive reaction to nitrogen fertiliser treatment; yield of 'Ligol' and 'Kovalenkovskoye' increased by 8 and 21% respectively, reaching average per year of 21.8-24.2 t·ha -1 in the nitrogen treatment during fifth to seventh years after planting. 'Gita' had better yield in the control treatment 26.9 t·ha -1 per year.
Index of biennial bearing was not affected by nitrogen fertiliser treatment. Significant differences between cultivars and trial factor interactions were observed. During the sixth and seventh vegetation seasons, 'White Transparent', 'Konfetnoye', 'Kovalenkovskoye', and 'Gita' had less pronounced biennial bearing (Table 4) . 'Antei' and 'Ligol' showed biennial bearing, and tehre was a negative effect of nitrogen treatment on yield of 'Rubin'. Cultivars 'Rubin' and 'Ligol' had a longer vegetative season because the leaves (foliage) of these cultivars were conserved on the tree and was less coloured than others during observations made in autumn 2015 (Table 4) . This was particularly evident for 'Ligol' when nitrogen fertilisers were applied.
Significant differences in fruit mass were observed between cultivars (Table 5 ). The early cultivar 'Konfetnoye' had the smallest fruits. 'Ligol', 'Antei', 'Gita', and 'Rubin' had larger fruits that were medium and late ripening. Fruits were larger in the treatment with nitrogen fertiliser, but the difference was not significant compared to the control.
Leaf and fruit mineral concentrations did not significantly differ between control and 6 g·m -2 nitrogen fertiliser treatments (Table 6 ). 'Konfetnoye' had the highest concentration of nitrogen, which significantly differed from that of other cultivars. 'White Transparent' and 'Antei' had the lowest concentration of nitrogen in leaves. 'Rubin' and 'Gita' had the lowest concentration of nitrogen in fruits and the highest in 'Konfetnoye'.
DISCUSSION
The trial was performed with two fertilisation treatmentscontrol and 6 g·m -2 nitrogen. Excessive growth at these levels can be observed in some orchards. The general idea was to provide balanced growth and production to obtain regular yields. In certain conditions, with proper management of tree canopy and reduced competition with weeds in tree rows, we observed sufficient tree growth. The development of long shoots must be reduced together with managing the nitrogen available to the trees particularly for cultivars that develop flower buds at the end of short shoots. The strong and long shoots tend to cause excessive vegetative growth. Difference in the ration of long and short shoots (1 : 5-7) was much higher in the control treatment than in the treatment with nitrogen fertiliser (1 : 3-4). Yield and growth data showed that some cultivars had better performance in production when shorter shoots developed, i.e. in the control. This can partly be explained by a relatively high concentration of organic matter in the soil -21 g·kg -1 (by Tyurin method) or 2.1%, which is sufficient for growth of apple trees. Soil organic matter concentration was closely correlated with nitrogen concentration. Soil nitrogen transforms to a plant available form by mineralization of organic matter (Ernani et al., 2008) . E. Fallahi (Fallahi et al., 2010) suggested to provide the apple trees with up to 250 kg·ha -1
nitrogen, but in that study the soil organic matter concentration was only 0.5%. Other investigations (Teravest et al., 2010) have shown that larger dosages of nitrogen can be suitable in nutrient poor soils with very low organic matter concentration. However, larger dosage of nitrogen in poor soils can increase nitrogen losses by leaching etc. (Neilsen et al., 2014) . Although the cumulative yield in fifth to seventh year after planting (2013) (2014) (2015) did not different between the fertilisation treatments, we observed some trial factor interactions. Positive effect of nitrogen was observed only for cultivars 'Konfetnoye', 'Kovalenkovskoye', and 'Ligol' (Table 3) . 'Gita' had significantly larger cumulative yield in control. Also in Poland no effect of nitrogen fertilisation was found on apple-tree growth and productivity, due to good soil preparation before orchard establishment, maintaining herbicide strips along tree rows and therefore increasing available nitrogen concentration in the soil during the vegetative period (Wrona, 2011) .
Cultivar 'Rubin' (Kazakhstan) had excessive growth (amount of long shoots) even in the control treatment, but it is essential that this cultivar must have more short shoots (40 cm) to maintain good production and not to develop blind wood, which was shown by the obtained yield data (Table 3) . There was significant increase of biennial bearing of cultivar 'Rubin' in the nitrogen treatment. In 2015, nitrogen fertilisation promoted excessive growth of 'Rubin' by development of long shoots, because of biennial bearing.
During this study the largest yield was obtained in 2014.
Early ripening cultivars had less pronounced biennial bearing.
The trunk cross-sectional area (TCSA) usually should have a positive correlation with yield. In this trial some negative relationships between cumulative yield and TSAP were observed for cultivars 'White Transparent', 'Antei', 'Rubin', and especially cultivar 'Gita' (Table 3) in the period 2013-2015. However, it should be pointed out that so far we have analysed a short period of the trial, and to generation of conclusions could be hasty in this case.
In conditions of Latvia it is important to promote winterhardiness of trees. However, 'Ligol' has a relatively long vegetation period, which is shown by foliage colouring, late harvest time, and it has the worst winter-hardiness of all cultivars in the trial and commercially used in orchards. This characteristic was worsened by application of nitrogen as shown by data on foliage colouring (Table 4 ). The risk of reduced winter-hardiness increases with use of nitrogen fertiliser, as trees can complete growth and be ready for dormancy at a time when the lightly coloured leaves are still photosynthetically active and growing.
Nitrogen fertilisation resulted in increased fruit mass, but the difference was not statistically significant at p < 0.05 (Table 5 ). The fruits were larger in off years of yielding. It is known that too large fruits suffer from physiological disorders, especially during storage. Large fruits must be harvested and consumed first. However, the cultivar 'Konfetnoye' had the highest nitrogen concentration in leaves and one of the highest in fruits, but had the smallest fruits, which was not expected (Table 5 and 6). In 'Rubin' and 'Gita', there was no relationship with cultivar ripening time. A suggestion could be to use nitrogen fertilisers, probably, with double dosage, for cultivars with small fruits. However, there is no direct relationship between nitrogen fertiliser application and yield (Wrona, 2011) . It is well known and shown by our data that nitrogen increases growth. Excessive growth causes increase of needs of pruning and expenses of canopy training for growth reduction.
In our climate this also may have negative effect on tree winter-hardiness. Probably, nitrogen fertilisers are needed to maintain growth and yields only in conditions of low organic matter in soil (Fallahi et al, 2010; Teravest et al., 2010) .
Nitrogen treatment increased the proportion of unacceptable shoot types of all cultivars included in trial. Nitrogen significantly increased the amount of unacceptable shoots of cultivars 'Gita', 'Rubin', and 'Ligol'. Additional nitrogen as fertiliser had no significant effect on the growth and yield of cultivars 'Antei', 'White Transparent', and 'Konfetnoye'. The cumulative yield of 'Kovalenkovskoye' and 'Ligol' was positively affected by nitrogen fertiliser. Cultivar 'Rubin' had the most pronounced biennial bearing. Cultivar 'Ligol' had the most active and longest vegetation, particularly in the nitrogen treatment.
